Background. Significant racial and ethnic disparities in stroke incidence, severity, and morbidity have been consistently reported; however, less is known about potential differences in poststroke rehabilitation outcomes. Objective. To examine racial and ethnic differences in poststroke rehabilitation outcomes. Methods. We completed an in-depth search of Medline and several major journals dedicated to publishing research articles on stroke, rehabilitation, and racial-ethnic patterns of disease over a 10-year period (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). We identified studies that reported rehabilitation outcomes and the race or ethnicity of at least two groups. Results. 17 studies involving 429,108 stroke survivors met inclusion criteria for the review. The majority (94%) of studies examined outcomes between Blacks and Whites. Of those studies examining outcomes between Blacks and Whites, 59% showed that Blacks were generally less likely to achieve equivalent functional improvement following rehabilitation. Blacks were more likely to experience lower FIM gain or change scores (range: 1-60%) and more likely to have lower efficiency scores (range: 5-16%) than Whites. Conclusions. Black stroke survivors appear to generally achieve poorer functional outcomes than White stroke survivors. Future studies are warranted to evaluate the precise magnitude of these differences, whether they go beyond chance, and the underlying contributory mechanisms.
Background
Stroke is a leading cause of long-term disability and the fourth leading cause of death in the US [1] . Estimates indicate that ∼ 795,000 Americans experience a stroke each year [1] . Among those are non-Hispanic Blacks (Blacks) who are at twice the risk of first-ever stroke compared to non-Hispanic Whites (Whites) [2] . The age-adjusted risk of ischemic stroke is 0.88 in Whites, 1.49 in Hispanics, and 1.91 in Blacks [3] . Blacks are also more likely to experience a stroke at a younger age and more likely to become disabled and experience difficulties with daily living and activities [2] . Similarly, older Blacks and Hispanics are more likely to experience higher odds of one-year all-cause poststroke rehospitalization compared to Whites after adjusting for patient and hospital characteristics [4] . Interestingly, there has been a decrease in ischemic stroke incidence among Whites in the US; however the incidence of overall ischemic stroke among Blacks has remained virtually the same [5] .
Studies continue to demonstrate a differential impact of stroke between racial/ethnic groups with minorities experiencing worse poststroke outcomes. This disparity gap is of major concern because Blacks and other minorities are at a greater risk of stroke, in general, develop risk for stroke, have stroke events at younger ages, and experience greater stroke severity, mortality, or residual impairments [6] [7] [8] [9] [10] [11] [12] . For example, data collected by the Centers for Disease Control (CDC) found that Black stroke survivors are more likely to have residual poststroke activity limitations (e.g., walking, bending, carrying, etc.) when compared to Whites [13] . Consequently, many stroke survivors require poststroke rehabilitation to improve the aforementioned functional limitations.
Studies designed to examine outcomes after rehabilitation exist in the current literature. However, many of those studies reporting disparities in outcomes were not designed to primarily examine the presence of disparities in postrehabilitation outcomes. For example, two recent systematic reviews 2 Stroke Research and Treatment have offered an increased understanding of the complex mechanisms by which racial and ethnic disparities occur among individuals with stroke. However, neither offered substantial information related to racial or ethnic differences in outcomes among stroke survivors after receiving rehabilitation. Stansbury and colleagues (2005) completed a systematic review of the ethnic disparities in epidemiology, acute care processes, and stroke outcomes [14] . The report concluded that, in addition to greater incidence, more severe stroke, and greater mortality, racial/ethnic minorities are less likely to receive tissue plasminogen activator (tPA) and diagnostic procedures critical to early stroke diagnosis and management. In that review only one study reported data related to disparities in functional outcomes after rehabilitation. A multivariate analysis of 145 stroke patients designed to measure race differences in recovery showed that Black patients had greater physical impairment at admission which continued for 90 days [6] .
The second review commissioned by the American Heart Association and American Stroke Association was designed to describe the impact of race and ethnicity on epidemiology, access to care, beliefs and attitudes, and response to treatment [15] . The report concluded that excess burden exists among minorities in the presence of stroke risk factors, stroke morbidity (prevalence, incidence, and recurrence), and stroke mortality. In addition, differences existed in disease awareness, attitudes and beliefs about stroke, compliance with care, access to stroke prevention services, and access to quality stroke care. However, the report did not address or provide any information related to poststroke rehabilitation outcomes.
The purpose of this review was to examine the current literature to determine the presence or absence of racial or ethnic disparities in outcomes after stroke rehabilitation. For this review we considered any outcome measures used by rehabilitation professionals during the rehabilitation process to measure improvement after the completion of poststroke rehabilitation programs.
Method
To complete this review, the authors searched Medline using the following Medical Subject Headings ([MeSH]) terms: stroke, rehabilitation, recovery, and outcomes, and crosssearched those with race, ethnicity, and racial/ethnic groups. We completed a separate in-depth search of the following journals using the same MeSH terms: Archives of Physical Medicine and Rehabilitation, American Journal of Physical Medicine and Rehabilitation, Ethnicity & Disease, PM&R, Neural Repair and Neurorehabilitation, and Topics in Stroke Rehabilitation and Stroke.
We limited our search to papers published over a ten-year period (2003 to 2012) and only considered papers including a US patient population and written in English. We considered randomized controlled trials, quasirandomized controlled trials, and retrospective data analyses and published scientific conference presentations that reported rehabilitation outcomes between at least two racial or ethnic groups. Because of the heterogeneity of studies, patient populations, and rehabilitation settings, we decided a priori not to perform a meta-analysis but instead to perform a qualitative analysis of the study findings.
Results
Five hundred and twenty-one unique reports were identified through an initial search with 504 being excluded after a cross search of terms related to race or ethnicity. Three authors (Charles Ellis, Hyacinth I. Hyacinth, and Jamie Beckett) independently assessed the full text or scientific abstract (for conference presentations) of the remaining 17 reports to identify eligible publications for inclusion in the final systematic review. Differences regarding study eligibility and need to proceed with data extraction were resolved by consensus. Three reports were excluded primarily due to lack of racial/ethnic comparisons of the outcomes. We then identified three additional reports following our search of the major journals dedicated to publishing research articles on stroke, rehabilitation, and racial or ethnic patterns of disease. In total, 17 studies including 429,108 stroke survivors met inclusion criteria and were included in the systematic review [11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . See Figure 1 for flow chart of selection of studies.
Characteristics of Included Studies.
Ninety-four percent (16/17) of studies explored outcomes disparities between Blacks and Whites and 53% (9/17) included comparisons between Blacks, White, and Hispanics. Ten of the 17 studies reported statistically significant racial/ethnic differences in poststroke rehabilitation outcomes [11, 17-20, 22, 23, 27, 28, 31] . The most widely reported outcome measure was the functional independence measure (FIM) [32] . Other rehabilitation outcomes reported included Rankin or Modified Rankin Scale [33] , Stroke Impact Scale [34] , Barthel Index [35] , Mini Mental Status Exam [36] , and the 6-minute walk test [37] . See Table 1 for a summary of the studies included in this review.
Functional Independence Measure (FIM).
The FIM is tool used to measure patient changes in functional ability during rehabilitation [32] . The FIM consists of 18 items that are assessed on seven-point ordinal scale, where higher scores indicate more independence in performing tasks. Thirteen of the 17 studies reported outcomes using the FIM including (a) total FIM (13 motor and 5 cognitive measures), (b) motor FIM (13 motor measures only), (c) cognitive FIM (5 cognitive measures only), (d) FIM gain (change scores between two measurement points), and (e) FIM efficiency (change scores between two measurement points divided by time needed to achieve change). Four studies reported outcomes at discharge and at least one follow-up point after discharge. Bhandari et al. examined functional improvement in 1002 stroke patients discharged from a community based inpatient rehabilitation facility between 1995 and 2001 [17] . Using multivariate models they found that Blacks achieved 7% less functional improvement at discharge compared to Whites ( = 0.02); however the difference did not remain at three months.
Berges and colleagues examined functional recovery in 990 Whites, Blacks, and Hispanics and found marginally significant differences at admission ( = 0.09), no differences at discharge ( = 0.15), and significant differences at 3-month follow-up ( = 0.01) with Whites (102.3) having higher FIM scores than Blacks (101.9) and Hispanics (92.0) [31] . These differences did not persist at 12-month follow-up ( = 0.18). Hinojosa et al. found higher motor FIM scores among Blacks when compared to Whites ( < 0.01) [23] . Over time the unadjusted motor FIM scores for Blacks and Puerto Ricans followed a curvilinear recovery trajectory and their 24-month scores were lower than their baseline scores. Finally, Putman and colleagues in a study of 732 patients in six US rehabilitation facilities found that, despite having lower total ( < 0.01) and cognitive FIM scores ( < 0.001) on admission, Whites compared to Blacks were also more likely [16] . They found an average FIM gain of 10.1 in Hispanics, 8.9 in Whites, and 7.1 in Blacks. They did not report statistical data related to differences by race/ethnicity and concluded that regardless of race/ethnicity or stroke subtype, lower admission FIM were associated with greater FIM gain. Chiou-Tan et al. found that race/ethnicity was associated with FIM gain ( = 0.014) and FIM efficiency scores ( = 0.035) [20] . In post hoc comparisons, Blacks (21.53) had the lowest FIM gain scores when compared to Hispanics (26.78) and Whites (21.70), even though there were no significant differences in the length of their rehabilitation stays ( = 0.26). Lower FIM gain scores among Blacks compared to Hispanics and Whites were also reported by Keng and colleagues in a study of 171 patients admitted to a stroke rehabilitation unit ( = 0.045) [19] .
Four studies reported disparities in FIM efficiency scores. Ottenbacher and colleagues completed a retrospective analysis of 161,692 patients using the Uniform Data System for Medical Rehabilitation (USDMR). They found lower FIM efficiency scores among Blacks (1.53) compared to Whites (1.61) ( = 0.01) [22] . It was also noted that Blacks had lower admission and discharge FIM scores than Whites. Liu and colleagues found that, Black patients had lower functional status at discharge compared to Whites, Hispanics, North American natives, and Asians after adjusting to covariates [26] . They also found that Blacks were more likely to be discharged to community based settings despite lower function. In a 2-year prospective study of 670 admitted to an acute stroke rehabilitation facility within 30 days of their stroke, Rabadi et al. found that Whites (1.6) had lower change in cognitive FIM scores than Blacks (2.1), Hispanics (3.1), and Asians (3.5) ( = 0.028) [30] . There were no racial/ethnic differences in total FIM, ADL FIM and motor FIM scores at discharge. Finally, Asian race was associated with lower cognitive FIM scores in a study of 1908 moderately and severely impaired stroke patients by Wang and colleagues [29] .
Three studies did not find significant racial disparities in FIM outcomes. Horn et al. did not consistently find Black White differences in total discharge FIM scores in 732 patients receiving inpatient stroke rehabilitation [24] . Disparities were not found regardless of whether they experienced a moderate ( = 0.767) or severe stroke ( = 0.518). However, Blacks with severe strokes did have lower change in total FIM scores ( = 0.019) and cognitive FIM scores ( = 0.006) than Whites. In a second study using the same cohort as the Horn study, Deutscher and colleagues measured disparities in motor function (accounting for patient characteristics, nontherapy ancillaries, therapy activities, and therapy interventions) and also did not report differences in discharge motor FIM scores between Whites and Blacks [25] . Finally, Wang and colleagues did not find disparities in outcomes between Blacks and Whites at discharge from an inpatient rehabilitation facility [29] .
Modified Rankin Scale (MRS) and Barthel Index (BI).
The Modified Rankin Scale is a widely used clinical scale designed to measure the degree of disability or dependence in the completion of activities of daily living following stroke [33, 38] . The scale range is 0-6 with zero of no symptoms and six indicating death. The Barthel Index is an ordinal scale designed to measure performance in activities of daily living (ADL) ranging from dependent to independent. Horner and colleagues completed a secondary analysis of 598 patients (30% Black) who were followed for one year between 1995 and 1997 [11] . The Rankin score was completed at discharge and the Barthel Index was completed at followup. The two scales were standardized to allow assessment of relative change. Mixed models analyses indicated that Black patients recovered at a slower rate than Whites ( < 0.05) after controlling for sociodemographic characteristics, stroke type and severity, and cognitive function. The models further showed that, when rehabilitation was initiated after three days, only 16% of Blacks compared to 35% of Whites experienced substantial improvement (defined as a change of 25% points on the FIM) ( = 0.007). The authors concluded that delays in initiating rehabilitation were not directly responsible for worse functional recovery among Blacks. Linear regression models by Roth and colleagues also showed that Black race was associated with lower Barthel Index and Modified Rankin scores in a study of 112 stroke survivors 1 year after their event [28] .
3.4. Stroke Impact Scale. The Stroke Impact Scale (SIS) is a self-report outcome measure designed to measure health related quality of life (HRQOL) [34] . Scores range from 0 to 100 for each domain with higher scores indicating higher HRQOL. Nichols-Larsen and colleagues measured HRQOL in 216 stroke survivors three to nine months after stroke and found that non-Whites who represented 29% of the sample reported poorer HRQOL in the physical domain ( = 0.0031) [18] . A second study by Roth and colleagues showed that Black race was associated with lower SIS memory, ADL, mobility, hand, and social domain scores approximately one year after stroke [28] .
Other Measures.
Hinson et al. examined cardiovascular fitness and ambulatory function in 118 hemiparetic stroke survivors being seen at an outpatient medical center [21] . They did not find statistically significant differences between Black men and women and White men and women on measures of cardiovascular fitness (VO 2 peak ) and the 6-minute walk test. Linear regression models by Roth and colleagues also showed that Black race was associated with lower Mini Mental Status Exam scores ( < 0.01) [28] .
Discussion
The majority of the studies between at least two groups demonstrated that racial/ethnic minorities were less likely to achieve equivalent outcomes to their nonminority counterparts, despite both groups receiving rehabilitation. Black Stroke Research and Treatment 9 
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Stroke Research and Treatment stroke survivors frequently achieved lower postrehabilitation discharge scores, lower gain/change scores, and lower efficiency scores. Although many of the reported studies included data suggesting racial/ethnic differences in outcomes, significant variability across studies in initial stroke severity at entry point of study, outcome measures, measurement time points, rehabilitation settings, and study design/type limits definitive conclusions regarding the presence and extent of such disparities. Even studies using the same outcomes completed measurements at different time points making a reconciliation of potential racial/ethnic differences more difficult.
In Table 2 we report the results of 11 studies that used the FIM to measure outcomes. The reported studies used both prospective and retrospective designs and univariate and multivariate analysis approaches. Racial/ethnic differences in outcomes were measured at admission, discharge, and followup time points along with FIM gain/change and efficiency scores. However, because of the variability in approaches, we experienced some difficulty in drawing definitive conclusions.
According to the National Institute of Neurological Disorders and Stroke, as many as two-thirds of all stroke survivors require rehabilitation to reduce functional limitations [39] . However little is known about the influence of race or ethnicity on outcomes after the receipt of poststroke rehabilitation services. Understanding racial/ethnic differences in poststroke rehabilitation outcomes remains difficult because of the complex number of factors related to the patient, the patient's rehabilitation setting, and the patient's home environment after rehabilitation. For example, controlling for stroke severity in specific racial/ethnic groups appears inconsistent across studies. This is important because race and stroke severity have been associated with differences in the use of rehabilitation, rehabilitation length of stays, and postrehabilitation discharge destinations [40] [41] [42] . These factors should be considered carefully in future studies designed to measure racial/ethnic differences in outcomes.
In our attempts to complete this review, we experienced a number of challenges. First, the study populations (age and stroke types) and rehabilitation settings were heterogeneous. In addition, in some studies we were unable to ascertain the length of rehabilitation stays, number and intensity of rehabilitation visits, and other factors known to drive rehabilitation utilization. Second, although a majority of studies reported FIM outcomes, there was inconsistency in the measurement time points and the specific FIM scores calculated (total, motor, cognitive, gain, change, and efficiency). Third, baseline data such as sociodemographic, clinical, and whether the patient experienced a recurrent stroke was absent in some studies particularly those completing secondary data analyses. Data could be misleading without factoring those important parameters into analysis. Fourth, rehabilitation system level issues such as practice patterns were not readily available.
Considering the aforementioned issues collectively, we believe further study of this issue is required particularly given the substantial burden of stroke. Such effort should include a focused study of stroke recovery from the stroke onset to specified time points after stroke, imaging and functional measure of stroke severity, global outcome measures, and domain specific performance measures. Other measures may include evaluating the effect of a stroke event on cerebrovascular CO 2 reactivity and relationship to poststroke rehabilitation. With the increased use of tPA, studies should evaluate the impact of its use on postrehabilitation outcomes. Studies suggest that response to tPA may differ by race/ethnicity and it is possible that this difference may translate into a differential effect on prerehabilitation baseline outcomes and subsequently postrehabilitation outcomes [43] [44] [45] . In addition, access to care must be accounted for in studies of disparities in outcomes. Limited access to care among any racial/ethnic group can negatively impact the observed outcomes reported.
Finally the role of environmental exposures as it relates to poststroke response to rehabilitation might shed some light on the reason for racial disparity in poststroke rehabilitation recovery [46] . We also believe that greater attention should be given to knowledge and beliefs and attitudes that may influence rehabilitation participation and compliance. Negative attitudes and beliefs about stroke have been attributed to negative health behaviors which translate into poor shortterm survival after stroke, increased risk of stroke recurrence, and poor stroke risk factor control [47, 48] . Similarly, individual emotional response to stroke and the presence of social networks after stroke must be carefully considered in studies of disparities in stroke-related outcomes.
In conclusion, despite the heterogeneous nature of most of the available studies in design, measures, and subject selection, there is an argument to be made for the existence of a racial disparity in poststroke rehabilitation outcomes. Additionally, the nature of the available evidence plus the need for more targeted/individualized intervention necessitate the conduct of well-designed, adequately powered, largescale prospective studies to examine racial/ethnic differences in poststroke outcomes and definitively answer questions about racial/ethnic differences in poststroke rehabilitation outcomes.
